Over the last few decades research into the different aspects of technology transfer has grown significantly that has taken in the main a macro perspective. This research has created a body of knowledge and an evidence base that has contributed original insights in developing the field and also has shaped policymaking and practice. Within the field there is a growing focus on meso and micro aspects of technology transfer and a growing interest in for example role individual actors such as scientists, principal investigators policy makers, TTO actors, supporting institutions and functions such as universities, professional research organizations, technology and knowledge transfer offices. This research is unearthing fine-grained nuances and insights that provide further evidence of how technology transfer activities are shaped and evolve in different geographical and organizational contexts. The purpose of this special issue is to provide a further understanding of macro, meso and micro perspectives of technology transfer and to provide an agenda for further research that blends these multi-level perspectives of technology transfer.
3 Introduction
There has been a long tradition of macro perspectives of technology transfer that have laid the empirical and theoretical foundations within the field. These draw from a range of different disciplines such as economics, management, innovation, public policy, strategic management and entrepreneurship. At a macro level this has generated evolving perspectives on for example the mechanisms, measurement, evaluation and effectiveness of technology transfer (see Autio and Laamanen 1995; Bozeman 2000; Cutler 1988; Rasmussen and Rice 2011; Phillips 2002; Siegel et al. 2007; Winebrake 1992) . At the macro perspective researchers, endeavors have tackled some of the fundamental questions in relation technology transfer that has and continues to have a relevance to such individual actors involved in technology transfer such as scientists, R&D specialists, CEOs, policy makers etc. These macro perspectives have also focused on technology transfer mechanisms (formal and informal) and methods (see Amesse and Cohendet 2001; Bradley et al. 2013; Cutler 1989; Grimpe and Fier 2010; Gilsing et al. 2011; Lee and Win 2004; Molas-Gallart 1997) . Moreover, this macro perspective has also focused on the effectiveness of policy instruments designed to support effective technology transfer at national or regional levels or targeted at specific industry sectors (Contractor and Sagafi-Nejad 1981; Rothwell and Dodgson 1992; Worrell et al. 2001) .
A particular macro focus of empirical studies have centred on the Bayh-Dole Act 1980 that have evaluated the impact of this US legislation on shaping and driving technology transfer from universities to industry (Grimaldi et al. 2011; Kenney and Patton 2009; Mowery 2005 Mowery , 2011 Mowery et al. 2001 Mowery and Sampat 2004; Nelson 2001) . Other policy and context orientated studies have empirically investigated the impact of other policy initiatives in the US and other contexts such as European countries (see Adams and Link 2017; Becher and Kuhlmann 2012; Breschi et al. 2007; Link 2015, 2016; Geuna and Rossi 2011; Haeussler and Colyvas 2011; Hall et al. 2001; Hall and Link 2015; Hülsbeck et al. 2013; Link and Scott 2013; Jacob et al. 2003) .
Studies have focused at the meso level with a particular focus on supporting institutions. Technology transfer offices have been a particular focus of empirical studies at both the meso and micro levels (see Algieri et al. 2013; Chapple et al. 2005; Geoghegan et al. 2015; Secundo et al. 2017; Siegel et al. 2003; O'Kane et al. 2015) . The role incubators, accelerators and graduate entrepreneurship has become a growing area of focus among researchers (see Birch et al. 2017; Kolympiris and Klein 2017; Larsson et al. 2017; Lindholm Dahlstrand and Politis 2013; Mian 1996; McAdam et al. 2006; Redondo et al. 2017; Wright et al. 2017) . Moreover emerging growing body of research on science parks have taken multi-level perspectives of technology transfer (see Hobbs et al. 2017) .
Micro perspectives of technology transfer have focused on a variety of themes and are growing within the field using different discipline perspectives (see Albats et al. 2017; Cusumano and Elenkov 1994) . Such studies have focused on for example the use of technology transfer offices (Muscio 2010) , cultural differences (Lin and Berg 2001) ; institutional dimensions of R&D collaborations (Bjerregaard 2010) , motivations (Cunningham et al. 2016a; D'este and Perkmann 2011; Hayter 2017) , communications (Barnes et al. 2002; Plewa et al. 2013) , time allocations (Ponomariov and Boardman 2008) and barriers to university collaboration Hall et al. 2001; O'Reilly and Cunningham 2017; O'Kane et al. 2017) . Over the last decade there have been a growing micro level focus on better understanding technology transfer through the experiences of individual actors involved in the technology transfer process such as academic entrepreneurs 1 3 (Bercovitz and Feldman 2008; Mosey and Wright 2007; Miller et al. 2017) scientists (Link et al. 2007 ) star scientists (Baba et al. 2009; Meyer 2006) , principal investigators (Cunningham et al. 2016a; Cunningham et al. 2017a; Cunningham et al. 2018; Del Giudice et al. 2017; Menter 2016) , technology entrepreneurs and graduate students (see Evers et al. 2014; Guerrero et al. 2018; Hayter et al. 2017; RezaeiZadeh et al. 2017; Watson and McGowan 2017; Watson et al. 2018) .
Different conceptual and theoretical perspectives have emerged that have embraced, encompassed and shaped perspectives with respect technology transfer in a broader economic and social context that attempts to incorporate the multiple layers of macro, meso and micro perspectives. These have shaped the ways researchers situate, analyze and interpret their data in order to contribute to the growing body of knowledge and evidence base of technology transfer. Perspectives such as the triple and quadruple helix (see Carayannis et al. 2018; Etzkowitz and Leydesdorff 2000; McAdam and Debackere 2018; Miller et al. 2018) ; entrepreneurial ecosystems (Audretsch and Belitski 2017; Pitelis 2012; Spigel 2017) , clusters (Rocha 2004; Spigel and Harrison 2017) , public sector entrepreneurship (Leyden and Link 2015; Leyden 2016) provide competing and complimentary perspectives that attempt to provide a multi-layer perspective that can enable both a synthesis and an interrogation of technology transfer ranging from macro to the micro level.
Themes and contributions
We have divided the selected papers in this special issue into main themes. The first theme focuses on papers that take a macro perspective on different aspects of technology transfer and they after pertinent and very relevant policy implications and considerations. The second theme of papers focus on either meso or micro foundational perspectives of technology transfer.
Macro perspectives of technology transfer
The first paper of Lehmann and Menter (2017) addresses a fundamental macro issue of how a policy initiative-in this case cluster policy promoted by the German government-has performed taking a particular regional focus. At a macro level, cluster policy as a policy initiative has been favored by policy makers as an effective policy response to generating additional economic wealth. The assumption is that such a policy response has a positive impact on different actors and at national, regional and local levels. As Lehmann and Menter (2017) state the conventional thinking is that 'it pays' for policy makers to adopt this policy approach. The results of their comprehensive and robust study highlight the direct and indirect effects of such as policy initiative and how this shapes cluster policy. Interestingly they highlight the important and key role that universities play in creating new knowledge at a regional level that can be exploited through technology transfer mechanisms and commercialized by firms or entrepreneurs in the region. Consequently, this has direct beneficial outcome with respect to regional economic performance, and as they suggest, it requires appropriate incentives to ensure that universities fully engage with cluster policy initiatives, as well as appropriate technology transfer infrastructure at the regional level. Lehmann and Menter (2017) highlight the necessity for policy makers to consider the direct and indirect impacts of policy at the meso and micro levels as well as the potential unintended consequences. This study highlights the need for contextually and 1 3 appropriately designed policy instruments to support effective technology transfer is essential that is ambitious in it goals, but also addresses the fundamental tangible or intangible barriers that actors and supporting institutions experience. Such policy initiatives need to achieve better outcomes than the status quo and such outcomes can and need to be sustained over the long term, without the directional support of Government policy.
A favored policy response at the macro level by policy makers is focused on incentizing or subsidizing R&D investment that are exploiting university knowledge or in firm activities. Previous studies have highlighted how effective R&D subsidies can positively impact on private firms. Set in the US context and focusing on the Advanced Technology Programme, Smith et al. (2017) paper deals with a challenging and fundamental question in relation to the long-term survival effects on firms that have received government support. While previous studies have evaluated and analyzed the impact of government/federal programmes in the US, none have examined the long-term effect, which is a unique aspect of this paper. Smith et al. (2017) , taking this long-term, view find receiving funding under this programme has a positive and significant effect on firm survival. The results of this study provide essential evidence in relation to the long-term effects of a subsidized R&D programme on firms. It also reaffirms, as does the Lehmann and Menter (2017) paper, the need for policy makers to design appropriate technology transfer programmes or policies that not alone have aggregated short to medium term beneficial and positive effects, but that these should and can be extended into the long-term. While the strategic intent of policy makers in designing such policies or programmes is to effect positive outcomes over the long-term, the temporal pressures mean short term effects needs to be delivered relatively quickly to demonstrate the success of such initiatives. This paper paves the way for other studies of different technology transfer programmes and policies that examine their effect at the meso and micro level over the long-term.
Another aspect of macro perspectives is the organization, structuring and co-ordination of public funding to support the exploitation of results for commercial and societal beneficiaries. The European Union's Framework programme provides the setting for our third paper by Nepelski and Piroli (2017) who focus on the organizational diversity and innovation potential of EU funded research programmes, which are collaborative in nature and design. To secure funding focused on dedicated research themes it typically requires collaboration activities between academics and industry partners-SMEs and MNCs across EU Member States. This paper addresses a key and neglected issue of what is the appropriate combination of collaborators to realize the innovative potential of publicly funded projects. The findings of Nepelski and Piroli (2017) highlight the importance and effect that consortium design and incentives have on realizing positive and beneficial effects. This also points to the need for micro level studies that specifically focus on publicly funded collaborative research project dynamics, research management, capabilities and leadership. Moreover, this paper further illustrates the need for firms to carefully consider the size, mix of firms and their capabilities when they are seeking to commercialize knowledge through technology transfer mechanisms. Consequently, the findings of this study similar to Smith et al. (2017) highlight the need for policy makers to consider carefully the design of policy programmes and policies that provides beneficial support to targeted actors and activities, but also reflects the diversity of needs and intent of actors and supporting institutions.
Our final macro level paper by Nicotra et al. (2017) proposes a framework to test the causal effects of entrepreneurial ecosystem. Effective entrepreneurial ecosystem enables technology transfer between actors and institutions. The authors conceptualize their framework into eco-factors and eco-outputs as a way of overcoming the deficits with respect to measuring entrepreneurial ecosystems. Interestingly, they argue that there is a need to 1 3 validate causal relations within entrepreneurial ecosystems beyond regions or territories that have been the focus of much empirical attention such as Silcon Valley. Such validation using data sources across different territories to test causal effects is necessary to further evolve our theoretical and empirical understanding of the effectiveness and development of entrepreneurial ecosystems irrespective of a geographic territory. One of the dangers is the blind imitation and replication of programmes, policies and initiatives from successful entrepreneurial ecosystems territories to others without a deeper understanding of causal effects. For policy makers this framework provides a more holistic conceptualization as well as potential data sources to test causal effects. Its application and results in terms of testing this framework have the potential to highlight the deficits as well strengths between programmes and entrepreneurial results. Moreover, testing of the framework and the insights generated can provide entrepreneurial ecosystem actors and supporting organizations with an understanding of how effective their ecosystem is. Moreover, it can provide some evidence as to what potential policy and programme interventions are appropriate and essential for the sustainability of a entrepreneurial ecosystem in a particular teerro.
Meso and micro perspectives of technology transfer
The second set of papers for this special issue focus on meso and micro level themes of technology transfer includes university start-up interactions, academic spin-offs' entrepreneurial teams, composition and interactions and digital start-ups, education attainment and equity milestones. Our first paper by van Stijn et al. (2017) focuses on university start-up interaction using data from Route 128 in Boston, MA, USA. They identified 14 university start-up interaction practices. The findings of this study provide key insights into how universities could better support start-ups, particularly with respect to market development as this knowledge transfer is essential to market development of an academic start-up. Furthermore, the findings challenge universities on and those within universities on how best to support academic start-ups. Legitimately the authors argue that the needs of start-ups near to market may be better met with programmes and supports outside the university environment. This raises an interesting strategy question for universities, whether they enhance their supports and provision in near market start-ups or instead focus exclusively on science based start-ups. Moreover, the findings of this study means that universities need to make a clear strategic decision on what is the scope of their start-up provision. It also means they need to have sufficient organisational flexibility in order to meet the current and future anticipated and unanticipated needs of start-ups and their founders.
Ben 2017) is raised in this paper with respect to academic spinoffs. The findings provide some interesting implications and challenges for those supporting academic spin-offs. For example, how do universities encourage academics to be involved in academic spin-offs and what practical and pragmatic approaches can academics adopt or use at the meso and micro levels to ensure the best entrepreneurial team configuration to accelerate the technology development that really enhances and increases the probability of their spin-off being bought out? The study finds that the dual configuration of academic and practitioner entrepreneurial team configuration provides the basis for the most effective commercial performance. From a macro or meso level what policy instruments and programmes can truly encourage and support such team configurations. For academics, this study suggests the need for them to be open to considering commercial collaborations with practitioners in order to overcome near-to-market issues, to accelerate the 1 3 spin-off development and provide the commercial basis that is necessary to drive spin-off performance. For practitioners, the dual configuration offers an effective means of ensuring commercial performance. The challenge for practitioners is selecting the potential academic spin-offs that have real commercial potential and the openness among the academic founders in pursuing a dual entrepreneurial team configuration to ensure commercial success.
University spin-offs is the focus of Kolb and Wagner's (2017) paper that is based on a single university setting where they developed a framework of needs. The authors also identified the importance of support structures for the four categorises of spin-out groups that they identified. What is clear from this study is universities need to provide a broad range of support structures to provide the appropriate support to university spin-offs given the categories identified in this study. The demand for these support structures varies and as Kolb and Wagner (2017) note, this requires universities to be flexible with the provision of appropriate support structures to support their heterogeneity. This raises a strategic question for universities and TTOs regarding how best to attain the balance between generic and more tailored support structures, as this has implications for resources, organisational structures and the professional technology transfer skill set required to support such variety of university spin-offs. At a meso level the findings of this study provide some empirical evidence that contributes to a wider debate with respect to the role and purpose of TTOs, particularly with respect to standardization and specialization This micro study, set in a single university context, yields the real rich nuances that underpins technology transfer. Furthermore, the micro perspectives of university spin-offs in this paper provide necessary and valuable insights that warrant further studies by extending such research into other institutional and geographical contexts using a micro level.
Our final paper in this special issue by Ratzinger et al. (2017) , focuses on the impact of digital start-up founders' higher education on reaching equity investment milestones taking a human capital perspective. With a large sample of digital start-ups this study has both micro and meso level implications, as well as macro, particularly with respect to levels of societal educational attainment. For students the findings of this study affirms the beneficial value of higher education attainment and the necessity of having the openness, capacity and capability to engage and interact with students from other disciplines. For universities the study raises some relevant issues with respect to entrepreneurship educational provision and the skills development component of degree programmes irrespective of discipline or subject areas. In practical terms, this requires universities to take a strategic view as to the importance of university wide entrepreneurship education provision, the nature of provision-core or extra curricular-and how broad as well as specific skills are nurtured and developed by students through the progression in their degree programmes. For investors in start-ups the study provides further evidence of the needs to take into consideration the educational attainment and background of founders of digital start-ups.
Proposed research agenda

Meso level: evaluative country and cross country comparison studies
What is evident from the studies of technology transfer to date, irrespective of level of analysis, is that there is dominant focus on North America. There is a need for further evaluative studies a country level of technology transfer at macro and meso levels. Studies 1 3 to date of the US technology transfer system, programmes and policies provide researchers with robust methodological and evaluative approaches to undertake such studies. Such country level studies not alone add to the existing body of knowledge at a macro level but can illuminate the variety as well as commonalities of effect of national programs and policies. At a micro level more country studies are needed to better understand the nuanced behaviours, motivators, influences, approaches of individual actors such as technology and knowledge transfer.
There has been a lack of cross country comparison studies within the field that are evaluative. This is understandable given the challenges of concluding large scale cross countries comparison studies. Particularly at the macro level, these are necessary from evolving the body of knowledge within the field but also to provide policy makers with further evidence that contribute to more effective policy and programme support of technology transfer. Given the challenges involved in large scale cross country comparison studies there is a need to create them in a way that it can be scaled, accessed and shared as well having a longitudinal dimension.
Linked to the need for evaluative and comparison studies is the need for further studies that examines, the policy and public sector entrepreneurship replication between different countries. For example, some European countries have replicated aspects of the US SBIR programme. Such studies would provide further insights into the barriers and challenges of policy and public sector entrepreneurship replication that would be beneficial to national, regional and local technology transfer policy making processes and would unearth specific contextual adoption.
Meso level studies
To further, develop the field there is a need for researchers to concentrate more research effort in focusing on the meso level of technology transfer. From our perspective, there is a need for further studies that specifically examine the role, behaviours and actions of supporting actors in the technology transfer process. This could range from for example regional public authorities, national funding agencies, incubators and hubs that are publicly and privately funded to technology transfer offices. Assumptions are made about the role and effects that these supporting institutions have on influencing and shaping technology transfer. Macro and micro level factors shape how meso level supporting actors support the technology transfer process in terms of incentives, supports and the how they organise themselves to realise their own targets and objectives within a wider technology transfer system.
Another potential area for meso level studies is examining the regional and industry context of technology transfer. While there have been many empirical studies that have focused on certain locations such as Silicon Valley there is a need to focus on regions where there are variations in the economic, social and technological endowments and how this effects technology transfer. Moreover, this also opens up opportunities for comparative studies of regions in different continents and also allows for focus on different types of firms such as multinational firms, small and medium enterprises, non for profit firms and publicly owned semi state bodies. In addition, there is a need to expand at the meso level the industry sectors on which empirical studies are based as there is a narrow concentration of existing studies on certain industries (Cunningham et al. 2017b ).
3
Micro level perspectives: individual actors behaviours and actions
There have been a growth of micro level studies within the technology transfer field, with an increasing number of researchers using a unit of analysis that is focused on the individual actor in the technology transfer process. Studies to date have focused on scientists, faculty members and principal investigators. These studies have unearthed interesting perspectives and practices with respect to individual actor, behaviours and action with respect to technology transfer. Some further micro level studies are needed that examine more of the antecedent factors that shape individual perspectives and behaviours prior to engaging with a technology transfer process. Moreover, more micro studies are needed with respect to the specific technology transfer mechanisms such as licensing and specific individual actors.
Future studies at the micro level must expand the unit of analysis at the individual level to include other actors such as TTO professionals, regional or national policy programme or policy directors, research officers in funding agencies and within higher education institutions, as well as private sector based scientists and principal investigators. To compliment an expansion of individual actors studies should also seek to focus on career stage, professional experience, gender and types of institutional supports. In addition, individual analysis could be expanded further to examine the individual recipient decision maker technology transfer from universities, publicly funded research organisation or other organisations.
Conclusions
In this introductory paper for this special issue, we have reviewed some of the issues with respect to macro, meso and micro perspectives of technology transfer. We then have outlined and discussed the implications of the eight selected papers. We concluded with some potential avenues for future studies for researchers of technology transfer using macro, meso and micro level perspectives.
To advance studies of technology transfer irrespective of level of focus, researchers should use the full range of methodological and data collection approaches and to be more experimental in their research design of studies of technology transfer. Researchers should consider developing international, cross-sectoral and longitudinal datasets that allows for cross-country comparisons and potentially multi-level analysis that further advances the field, which can provide further evidence for policy makers, recipients of technology transfer and potentially enhance their decision making.
Opportunities exist to expand the context of studies in terms of institutional and domain settings. In the main, studies have focused on technology transfer in higher educational settings, but as other types of organisations are getting more involved in the technology transfer process these should also be the focus of further studies. While the predominant domain focus of empirical studies of technology transfer have been science, engineering and technology there is a need to expand the domain focus to arts, humanities and social sciences at the macro, meso and micro levels. Business schools should also be a focus for meso and micro level studies of technology transfer. Finally, future studies of technology transfer irrespective of level of analysis should consider the recipient organisation perspectives of technology transfer as well as situations where technology transfer has failed. Failure of technology transfer is another potential and fruitful research avenue for future research but has largely remained under explored. 
